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Abstract We present here a detailed analysis on the
effects of charge on the anisotropic strange star can-
didates by considering a spherically symmetric inte-
rior spacetime metric. To obtain exact solution of the
Einstein-Maxwell field equations we have considered
the anisotropic strange quark matter (SQM) distribu-
tion governed by the simplified MIT bag equation of
state (EOS), p = 13 (ρ− 4B), where B is the bag con-
stant and the distribution of the electrical charge is
given as q(r) = Q (r/R)
3
= αr3, where α is a con-
stant. To this end, to calculate different constants we
have described the exterior spacetime by the Reissner-
Nordström metric. By using the values of the observed
mass for the different strange star candidates we have
maximized anisotropic stress at the surface to predict
the exact values of the radius for the different values
of α and a specific value of the bag constant. Further,
we perform different tests to study the physical valid-
ity and the stability of the proposed stellar model. We
found accumulation of the electric charge distribution is
maximum at the surface having electric charge of the or-
der 1020 C and electric field of the order 1021−22 V/cm.
To study the different physical parameters and the ef-
fects of charge on the anisotropic stellar system we have
presented our analysis graphically and in the tabular
format by considering LMC X − 4 as the representa-
tive of the strange star candidates.
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1 Introduction
The theoretical possibility of the existence of hypothet-
ical strange quark stars were first speculated in Refs. [1,
2,3,4]. According to the strange quark matter hypoth-
esis [5,6,7] the strange quark matter (SQM), made of
equal number of up, down and strange quarks can be
considered as the absolute ground state for the con-
fined state of hadrons [2,3,8,9]. Although strange stars
form a distinct hypothetical branch of compact stars
but these heavier members have masses and radii quite
similar to the neutron stars. However, strange stars are
not part of the the continuum of equilibrium configura-
tions like white dwarf and neutron stars [10,11,12]. In
this context it is worth mentioning that strange matter
equation of state (EOS) appears as the suitable EOS
to explain observed compactness of the compact astro-
physical objects like 4U 1820−30, SAX J 1808.4−3658,
4U 1728 − 34, Her X − 1, RX J185635 − 3754 and
PSR 0943+10 [3,4,13,14,15,16], whereas neutron star
EOS failed to explain those estimated compactness.
To maintain global charge neutrality strange stars
which made of approximately equal number of up, down
and strange quarks, should include smaller number of
electrons. Alcock et al. [3,8] and Usov et al. [17,18]
in their study showed that high electric fields in the
order of 1018−19 V/cm is expected to present on the
surface of strange stars and presence of electrons play
a significant role to the formation of the electric dipole
layer at the surface. Such strong electric fields have val-
ues on the order of the energy density of SQM and it
should be included in the stress-energy tensor which
describes strange stars. The presence of the charge af-
fects the relativistic stellar system in the following ways:
(i) it causes the space-time curvature, (ii) it produces
Coulomb interaction by introducing an extra term in
2the relativistic hydrodynamic equilibrium equation, and
(iii) the energy density associated with the electric field
has significant role in producing the gravitational mass
of the relativistic stellar system. In this line several lit-
erature [19,20,21,38,23,41,25,26,27,28] can be referred
to understand the effects of the electric charge on the
relativistic compact stellar system.
In his pioneering work Ruderman [29] first intro-
duced the idea of pressure anisotropy and showed that
the high density of the nuclear matters which interact
relativistically are the key reason of the formation of the
anisotropy. Here, by anisotropy we are addressing the
difference between the radial component, pr(r) and the
angular component, pθ(r) = pφ(r) ≡ pt(r) of the pres-
sure. Clearly, pθ(r) = pφ(r) is the consequence of the as-
sumed spherical symmetry of the stellar system. An ex-
tensive study by Bowers and Liang [30] showed that in
the presence of complex strong interactions anisotropy
in the spherically symmetric stellar system may be aris-
ing due to the presence of superconductivity and super-
fluidity of the ultradense matter. Later, Herrera and
Santos in their detailed review [31] discussed the possi-
ble reasons behind the formation and existence of the
local anisotropic stress in a self gravitating system and
also studied their effect on a static spherically symmet-
ric stellar system. Dev and Gleiser [32,33,34] in their
series of work studied the significant effect of anisotropy
on the redshift and maximum mass. They also showed
that the presence of anisotropic stress enhances stabil-
ity of the relativistic stellar system compared to the
isotropic cases and predicted that for the lower adia-
batic index values too anisotropic systems are stable.
In this line several authors as in Refs. [35,36,37,17,38,
39,40,41,42,43,44,45,46,47] have studied the effect of
anisotropy on the spherically symmetric compact stellar
system and examined it’s effect on the different physical
properties of the stellar system.
The present work is the charged generalization of
the earlier work done by Deb et al. [45], where they
presented an unique anisotropic model for the strange
stars and showed the typical mass-radius relation for
the strange stars by solving the Einstein field equations.
To this end, they assumed simplified MIT bag EOS and
showed that maximum anisotropy at the surface of the
ultra dense strange stars is their inherent property. Us-
ing the motivation of the earlier work [45], in the present
article we have studied charged and anisotropic spher-
ically symmetric stellar systems for the strange stars
by considering a specific form of the electric charge dis-
tribution, q(r). We also presented exact solutions for
the Maxwell-Einstein field equations. It is interesting to
note that though there are several literature which sep-
arately studied the effect of anisotropy or charge on the
strange stars. But we found there is no other literature,
which has studied the combined effects of anisotropy
and charge on the compact stellar system by providing
typical mass-radius relation for the strange stars in the
framework of the Maxwell-Einstein gravity. However, in
the present study by considering the combined effects of
anisotropy and charge on the stellar system we attempt
to present the exact solutions for the Maxwell-Einstein
field equations by providing the typical mass-radius re-
lation for the strange stars. Further, we have also ex-
amined the physical validity of the obtained solutions.
The outline of our study is as follows: In Sect. 2
we have presented the basis of using the MIT bag EOS
and the chosen form of the electric charge distribution.
The basic equations to describe the anisotropic charged
stellar system are presented in Sect. 3. In Sect. 4 we
have derived the solutions for the Maxwell-Einstein field
equations and presented expressions for the different
physical parameters. Further, in Sect. 5 to show physi-
cal acceptibility of the stellar system on the basis of the
obtained solutions we have performed different tests like
Energy conditions 5.1, mass-radius relation 5.2, com-
pactification factor and redshift 5.3, and the stability of
the system 5.4. Finally, in Sect. 6 we have concluded our
study by discussing in detail the effects of the electric
charge distribution on the anisotropic stellar system.
2 The MIT Bag equation of state and the
electric charge distribution
In the present article we consider MIT bag model EOS [48]
to describe the SQM distribution. in MIT bag model to
maintain all the corrections due to energy and pressure
functions of SQM an ad hoc bag function has been in-
troduced. For the simplicity we assume that the up (u),
down (d) and strange (s) quarks are are massless and
non-interacting in nature. Hence, the quark pressure,
pr is defined as
pr =
∑
f=u,d,s
pf −B, (1)
where pf is the pressure due to individual quark fla-
vors viz. u, d and s. B is the vacuum energy density
and usually known as ‘Bag constant’. The relation be-
tween pf and energy density due to each quark flavors
reads pf = 13ρ
f . Hence the energy density, ρ due to de-
confined SQM distribution inside the bag is defined as
ρ =
∑
f=u,d,s
ρf +B, (2)
Hence, substituting relation between pf and ρf into
Eq. (2) and using Eq. (1) we have the simplified form
3of the MIT bag model EOS given as
pr =
1
3
(ρ− 4B). (3)
In the recent times applying this simplified form of
the MIT bag EOS several authors successfully studied
strange star model [21,23,41,49,52,53,26,54,51,50,27,
55,28,45,56]. Following Rahaman et al. [57] we consider
the value of the bag constant as B = 83 MeV/fm3.
To study the effects of charge on the relativistic stel-
lar system Felice et al. [58,59] in their literature consid-
ered an specific form of electric charge distribution q(r)
given as q(r) = Q(r/R)n. Following Felice et al. [58,
59] in the present study we choose this specific sim-
plest form of q(r), for the parametric values of n = 3 as
follows
q (r) = Q
( r
R
)3
≡ α r3, (4)
where Q and R are the total charge and the total radius
of the stellar system, respectively and α is a constant
which can be defied as α = Q/R3.
3 Basic stellar structure equations
To describe interior spacetime of the ultra dense spher-
ically symmetrical stellar system in Schwarzschild-like
coordinates [60,61] we use metric as follows
ds2 = eν(r)dt2 − eλ(r)dr2 − r2(dθ2 + sin2 θdφ2), (5)
where the metric potential ν and λ are the functions of
the radial coordinate r only. Now, to obtain hydrostatic
stellar structure of the charged sphere we have to solve
the Einstein-Maxwell field equations provided as
Rij −
1
2
Rgij = 8pi
(
T ij + E
i
j
)
, (6)
where we assumed G = 1 = c in the relativistic ge-
ometrized unit. Here T ij and E
i
j represents stress-energy
tensor for the locally anisotropic fluid distribution and
the present electromagnetic field, respectively and they
are defined as [62]
T ij =
[
(ρ+ pt)v
ivj − ptδij + (pr − pt)uiuj
]
, (7)
Eij =
1
4pi
(−F imFjm + 14pi δijFmnFmn) , (8)
where vi and ui are the four-velocity and radial four-
vector, respectively, ρ is the energy density of SQM,
pr represents pressure in the direction of u
i, known as
radial pressure and pt represent component of pressure
normal to ui, known as tangential pressure. Here, Fij
is the anti-symmetric electromagnetic field tensor and
can be defined as
Fij =
∂Aj
∂xi
− ∂Ai
∂xj
, (9)
where, Aj = (φ(r), 0, 0, 0) is the four-potential. Fij sat-
isfies the covariant Maxwell equations,
Fik,j + Fkj,i + Fji,k = 0, (10)[√−gF ik]
,k
= −4piJ i√−g, (11)
where J i is the electromagnetic four-current vector de-
fined as
J i =
σ√
g
44
dxi
dx4
= σvi, (12)
where σ = eν/2J0 (r) represents the charged density
and g is the determinant of the metric gij defined by
g =


eν 0 0 0
0 −eλ 0 0
0 0 −r2 0
0 0 0 −r2sin2θ

 = −eν+λr4sin2θ. (13)
For a static spherically symmetric stellar system J0
is the only non vanishing component of the the elec-
tromagnetic four-current J i which is a function radial
coordinate, r only. F 01 and F 10 are the only non zero
components of the electromagnetic field tensor and they
are related by F 01 = −F 10. F 01 and F 10 are the radial
component of the electric field. Using Eqs. (11) and (12)
the expression for the electric field is given as
E (r) = F 01 (r) =
1
r2
e−(ν+λ)/24pi
∫ r
0
r′2σeλ/2dr′. (14)
If q(r) represents the total charge of a spherical sys-
tem of radius r then following the relativistic Gauss’s
law the electric charge q(r) can be defined as
q(r) = 4pi
∫ r
0
σr′2eλ/2dr′ = r2
√
−F14F 14. (15)
Using Eqs. (7), (8), (11), (12), (14) and (15) the
stress-energy tensor for the anisotropic charged matter
distribution can be written as
T ab =


−
(
ρ+ q
2
8pir4
)
0 0 0
0 pr − q
2
8pir4 0 0
0 0 pt +
q2
8pir4 0
0 0 0 pt +
q2
8pir4

 ,
(16)
where the electric charge and the electric field are re-
lated by q2(r)/8pir4 = E2(r)/8pi.
Substituting Eq. (16) into Eq. (6) we have the ex-
plicit form of the Einstein field equation for the anisotropic
charged spherically symmetric stellar system as follows [62]
e−λ
(
λ′
r − 1r2
)
+ 1r2 = 8piρ+ E
2, (17)
e−λ
(
ν′
r +
1
r2
)
− 1r2 = 8pipr − E2, (18)
e−λ
2
(
ν′′ + ν
′2
2 +
ν′−λ′
r − ν
′λ′
2
)
= 8pipt + E
2. (19)
4In the analogy of the uncharged case, let we define
the mass function of the spherically symmetric charged
stellar system as follows
m (r) = 4pi
∫ r
0
ρeff (r) r
2dr = 4pi
∫ r
0
(
ρ+ E
2
8pi
)
r2dr,
(20)
where ρeff = ρ+
E2
8pi .
To describe the exterior spacetime of our system we
consider the exterior Reissner-Nordström metric given
as
ds2 =
(
1− 2Mr + Q
2
r2
)
dt2 − 1(
1− 2M
r
+Q
2
r2
)dr2
−r2(dθ2 + sin2θdφ2). (21)
Now using Eqs. (4), (20) and (21) we find from
Eqs. (17) as follows
e−λ(r) = 1− 2m
r
+
q2
r2
. (22)
Following Mak and Harko [63] to obtain singularity
free monotonically decreasing SQM density function ρ,
we define
ρ(r) = ρc
[
1−
(
1− ρ0
ρc
)
r2
R2
]
, (23)
where ρc and ρ0 are the central and surface density,
respectively.
To obtain hydrostatic equilibrium equation for the
anisotropic charged stellar system we perform covariant
divergence of the electromagnetic stress-energy tensor,
i.e., ∇aT ab = 0, which leads to the equation of energy
conservation as follows
dpr
dr
= − (ρ+ pr)
[
m+ 4 pi r3
(
pr − q
2
4pir4
)]
r2
(
1− 2mr + q
2
r2
) + q
4pir4
dq
dr
+ 2r (pt − pr) . (24)
For q = 0 in Eq. (24) we retrieve the usual form of
the Tolman-Oppenheimer-Volkoff (TOV) equation for
the anisotropic matter distribution.
4 Solution of the Maxwell-Einstein field
equations
Using Eqs.(3), (4), (20), (22) and (23) and by solving
the Maxwell-Einstein field equations (17)-(18) we de-
rive expression for the different physical parameters as
follows
λ = − ln
{
1 +
(λ2+λ1r2)r2
R5
}
, (25)
ν = 10243 ν1ν4
[
ν2arctanh
(
−4R5α2r2−32BpiR3r2+6Mr2−ν5
R2ν1
)
+ν2arctanh
(
R5α2+16BpiR3−M
ν1
)
− 3ν1{ν3 ln(−R
5+ν4r
4+ν5r
2)−ν6}
64
]
, (26)
ρ = − 9R7α2−9R5α2r2+48BpiR5−80Bpi R3r2−15MR2+15Mr28piR5 ,
(27)
pr = − 9R7α2−9R5α2r2+80BpiR5−80BpiR3r2−15MR2+15Mr224piR5 ,
(28)
pt =
[(
81R14α4r2 − 135R12α4r4 + 54R10α4r6
+1008BpiR12α2r2 − 1632BpiR10α2r4 + 720BpiR8α2r6
+3328B2pi2R10r2 − 5888B2pi2R8r4 + 2560B2pi2R6r6
−270MR9α2r2 + 360MR7α2r4 − 135MR5α2r6
−27R12α2 + 27R10α2r2 − 1680BMpiR7r2
+2304BMpiR5r4 − 960BMpiR3r6 − 240BpiR10
+480BpiR8r2 + 225M2R4r2 − 225M2R2r4 + 90M2r6
+45MR7 − 90MR5r2
)/
72R5pi
(
3R7α2r2
−2R5α2r4 + 16BpiR5r2 − 16BpiR3r4 − 5MR2r2
+3Mr4 +R5
)]
, (29)
where λ1, λ2, ν1, ν2, ν3, ν4, ν5 and ν6 are constants and
their expressions are shown in Appendix 6.
We featured variation of the physical parameters,
viz. eλ, eν , ρ, pr and pt with respect to the radial coor-
dinate r/R in Figs. 1 and 2.
The anisotropy for our system is given as
∆ = pt − pr =
[
r2
(
162R14α4 − 270R12α4r2
+108R10α4r4 + 2160BpiR12α2 − 3696BpiR10α2r2
+1632BpiR8α2r4 + 7168B2pi2R10 − 13568B2pi2R8r2
+6400B2pi2R6r4 − 540MR9α2 + 801MR7α2r2
−306MR5α2r4 − 3600BMpiR7 + 5664BMpiR5r2
−2400BMpiR3r4 + 240BpiR8 + 450M2R4
−585M2R2r2 + 225M2r4 − 45MR5
)/
72R5pi
(
3R7α2r2
−2R5α2r4 + 16BpiR5r2 − 16BpiR3r4 − 5MR2r2
+3Mr4 +R5
)]
. (30)
The variation of the anisotropic stress (∆) with re-
spect to the radial coordinate r/R is shown in Fig. 3.
We find from Fig. 3 anisotropy is zero at the center and
maximum at the surface as predicted by Deb et al. [45].
5Fig. 1: Variation of (i) eν(r) (upper panel) and (ii) eλ(r) (lower
panel) as a function of the radial coordinate r/R for the strange
star LMC X − 4. Here B = 83 MeV/fm3
Now, using the observed values of the mass of the
different strange star candidates as shown in Table 1
and following Deb et al. [45] we shall maximize the
anisotropic stress, ∆(r) at the surface r = R to pre-
dict the exact value of the radius, R for the different
strange stars. To this end, we consider that the value of
the bag constant is B = 83MeV/fm3 [57] and the cho-
sen values of α are 0, 0.0005, 0.0010 and 0.0015 km−2.
Clearly, ∆′(R) = 0 will yield several values of R and we
will choose only that value of R for which the Buchdahl
conditions [64] will be satisfied.
In Fig. 4 we have featured the variation of the elec-
tric charge distribution q(r) and electrical energy den-
sity E2(r)/8pi with respect to the radial coordinate r/R
in the upper and lower panel, respectively. Fig. 4 clearly
suggests that both the distribution of the electric charge
and electrical energy density is minimum, i.e., zero at
the center and maximum at the surface.
Fig. 2: Variation of (i) ρ (upper panel), (ii) pr (middle panel)
and (iii) pt (lower panel) as a function of the radial coordinate
r/R for the strange star LMC X − 4
5 Salient physical features of the anisotropic
charged stellar system
In this section to discuss physical validity of the achieved
solution we will study some salient physical features of
the stellar system as follows:
6Fig. 3: Variation of anisotropy as a function of the radial coor-
dinate r/R for the strange star LMC X − 4
Fig. 4: Variation of (i) q (r) (upper panel) and (ii) E2 (r) /8pi
(lower panel) as a function of the radial coordinate r/R for the
strange star LMC X − 4
5.1 Energy conditions
To satisfy energy conditions, viz., Null Energy Con-
dition (NEC),Weak Energy Condition (WEC), Strong
Energy Condition (SEC) and Dominant Energy Condi-
tion (DEC) the anisotropic charged stellar system have
to be consistent with all the inequalities simultaneously
as follows
NEC : ρ+ pr ≥ 0, ρ+ pt + E24pi ≥ 0, (31)
WEC : ρ+ pr ≥ 0, ρ+ E28pi ≥ 0, ρ+ pt + E
2
4pi ≥ 0, (32)
SEC : ρ+ pr ≥ 0, ρ+ pr + 2 pt + E24pi ≥ 0, (33)
DEC : ρ+ E
2
8pi ≥ 0, ρ− pr + E
2
4pi ≥ 0, ρ− pt ≥ 0. (34)
Fig. 5: Variation of energy conditions with the radial coordinate
r/R for LMC X − 4 due to different chosen values of α
We have featured all the inequalities in Fig. 5 due
to the different values of α and Fig. 5 shows that our
system is consistent with all the energy conditions.
5.2 Mass-radius relation
Andréasson [65] predicted the upper bound of the mass-
radius ratio for the charged spherically symmetric stel-
lar system, which was generalization of the Buchdahl
limit [64] that provides upper limit for the allowedmass-
radius ratio in the uncharged case. Hence, in the present
system the upper bound [65] is given as
2M
R
≤ 2
9R2
[
3Q2 + 2R2 + 2R
√
3Q2 +R2
]
. (35)
7The mass function for our system is provided as
follows
m (r) = − r32R5
[
3R7α2 − 3R5α2r2 + 16BpiR5
−16BpiR3r2 − 5MR2 + 3Mr2
]
. (36)
We have presented variation of the total mass, M
(normalized in solar mass,M⊙) with respect to the total
radius, R due to different parametric values of α in
Fig. 6, where we chose that the bag constant is B =
83 MeV/fm3 [57]. We find the maximum mass of the
system increases as the value of α increases, which is
clearly shown in the lower panel of Fig. 6.
Fig. 6: (i) The upper panel features Mass (M/M⊙) vs Ra-
dius (R in km) curve for the strange stars due to the different
values of α and (ii) the lower panel shows enlarged figure of the
M −R curve. The solid circles are representing maximum mass
points
We have featured variation of M (normalized in
M⊙) with respect to the central density ρc in the left
and right upper panel of Fig. 7. For α = 0 the max-
imum mass, Mmax = 3.66 M⊙ is achieved for ρc =
1.866×1015 gm/cm3, whereas for α = 0.0015 the value
of Mmax increases to Mmax = 3.81 M⊙ and the value
of the corresponding central density decreases to ρc =
1.753 × 1015 gm/cm3. The left and right lower panel
of Fig. 7 show the variation of R with respect to ρc.
We find, RMmax, the radius corresponding to Mmax
Fig. 7: Variation of the (i) mass M/M⊙ (upper left panel) and
(ii) radius R in km (lower left panel) of the strange stars as
a function of the central density (ρc) are shown. The enlarged
versions of the M/M⊙ vs (ρc) and R vs (ρc) curves are shown
in the upper right panel and the lower right panel. Here, solid
circles are representing maximum mass points
decreases from 11.734 km to 11.634 km as the value of
α decreases from α = 0.0015 to α = 0, respectively.
5.3 Compactification factor and redshift
The compactification factor for our system is defined as
u = m(r)r = − r
2
2R5
[
3R7α2 − 3R5α2r2 + 16BpiR5
−16BpiR3r2 − 5MR2 + 3Mr2
]
. (37)
Hence, the surface redshift, Zs corresponding to the
compactification factor u is given as
Zs =
1√
1− 2 u (R) − 1 =
√
R√
R5α2 − 2M +R. (38)
The variation of the redshift function, Z(r) with re-
spect to the radial coordinate r/R is presented in Fig. 8.
Clearly, in a spherically symmetric anisotropic charged
stellar system as the value of α increases the values of
the surface redshift gradually decreases.
5.4 The stability of the system
To examine stability of our system we will study i) Gen-
eralized TOV equation and ii) Herrera cracking concept
as follows
8Fig. 8: Variation of the redshift function with respect to the radial
coordinate r/R for the strange star LMC X − 4
5.4.1 Generalized TOV equation
The generalized form of the TOV equation in the present
anisotropic charged system reads
−Mg(ρ+ pr)
r2
e
λ−ν
2 − dpr
dr
+ σ
q
r2
e
λ
2 +
2
r
(pt − pr) = 0,
(39)
where Mg denotes the effective gravitational mass and
given as follows
Mg(r) =
1
2
r2e
ν−λ
2 ν′. (40)
Eq. (39) features that the system is completely stable
under the equilibrium of the different forces, i.e., Fg +
Fh + Fe + Fa = 0, where Fg, Fh, Fe and Fa represents
gravitational, hydrodynamic, electric and anisotropic
force, respectively. We have presented variation of the
different forces with respect to the radial coordinate
r/R due to different values of α in Fig. 9. The figure fea-
tures that the attractive gravitational force Fg, which
acts toward the inward direction along the system is
counterbalanced by the combined effects of the forces
Fh, Fe and Fa.
5.4.2 Herrera cracking concept
To examine stability of the system in terms sound speeds
the systems have to be consistent with the i) causality
condition and ii) Herrera cracking concept. To be con-
sistent with the causality condition, the square of the
radial (v2sr) and tangential (v
2
st) sound speeds should
satisfy the inequalities 0 ≤ v2sr ≤ 1 and 0 ≤ v2st ≤ 1
simultaneously. According to the concept of Herrera’s
cracking [66,67] for a potentially stable region v2sr should
be greater than v2st and the difference of the square of
the sound speeds should maintain it’s sign same through
Fig. 9: Variation of the different forces as a function of the radial
coordinate r/R for the strange stars LMC X − 4
out that region, i.e., |v2st−v2sr| ≤ 1. The square of sound
speeds are defined as
v2sr =
pr
ρ
, (41)
v2st =
pt
ρ
. (42)
In Fig. 10 we have shown the variation of the square
of the sound speeds (upper panel) and |v2st−v2sr| (lower
panel) with respect to the radial coordinate r/R due
to different parametric values of α. The figure clearly
features that both our system satisfies both the causal-
ity condition and Herrera cracking concept. Hence, our
system is completely stable.
6 Discussion and conclusion
In this literature we have presented a detailed study
on the effect of the electrical charge on the spherically
symmetric anisotropic stellar system, which is made of
SQM and governed by the MIT bag EOS. Assuming
a simplified form of the electrical charge distribution
given as q (r) = Q (r/R)
3 ≡ α r3, we have obtained ex-
act solutions for the Maxwell-Einstein field equations.
Further, using the exterior Reissner-Nordström metric
we have presented expressions for the different physical
parameters in Eqs. (25)-(30). We have presented the
obtained solutions and studied their physical validity
in terms of the star LMC X − 4 of mass 1.29 M⊙, by
considering it as the representative of strange star can-
didates. Throughout the study we have considered bag
9Fig. 10: Variation of (i) v2sr and v
2
st
(upper panel) and (ii) |v2
st
−
v2sr | ≤ 1 (lower panel) as a function of the radial coordinate
constant as B = 83 MeV/fm3 and the chosen para-
metric values of α (in km−2) as 0, 0.0005, 0.0010 and
0.0015.
The profile of the metric potentials
(
eν , eλ
)
are shown
in Fig. 1, which shows that at the center both the met-
ric potentials are finite. It confirms that our system is
free from any sort of singularities, i.e., physical or geo-
metrical singularities. The variations of ρ, pr and pt are
shown in the upper, middle and lower panel in Fig. 2,
respectively. We find that density and pressure func-
tions are maximum at the surface and decrease mono-
tonically through out the system to reach the mini-
mum value at the surface and confirms regularity of
the achieved solutions. We have predicted different val-
ues of the central density, ρc and central pressure pc
for the different strange star candidates in Table 1. We
find that the densities and radial pressures of the dif-
ferent strange stars are in the order of 1014 gm/cm3
and 1034 dyne/cm2, respectively. Due to the strange
star candidates as mentioned in Table 1 we find den-
sity is much higher than the normal nuclear density
ρnormal = 2.3× 1014 gm/cm3, which confirms that the
stars are made of SQM. The variation of the anisotropic
stress for the different values of α is shown in Fig. 3 and
it confirms the prediction by Deb et al. [45] that for an
anisotropic strange star the anisotropic stress should be
maximum at the surface.
Table 1: Numerical values of physical parameters for the different
strange stars for α = 0.0010 km−2 and B = 83 MeV/fm3 [57]
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The profile of the electrical charge q(r) and elec-
trical energy density E2(r)/8pi is featured in the upper
and lower panel in Fig. 4, respectively. We find that the
total charge Q and the associated electric field E are in
the order of 1020 C and 1021−1022 V/cm, respectively.
Our study clearly reveals that the electric charge has
a significant effect on the different physical parameters
and the stability of the anisotropic spherically symmet-
ric system. Both Fig. 2 and Table 2 shows that as the
charge increases the density and pressures of the stel-
lar system decreases gradually. Interestingly, Fig. 3 fea-
tures that the effect of anisotropy on the stellar system
is maximum when the system is neutral. However, the
anisotropic stress of the system decreases consequently
with the increasing effect of the charge.
Fig. 11: Variation of Q in coulomb as a function of the central
density ρc for the strange star LMC X − 4
We perform different physical tests, viz., energy con-
ditions, mass-radius relation, generalized TOV equation
and Herrera cracking concept, etc. In Fig. 5 we have
shown that our system is consistent with all the energy
conditions. We have featured variation of M (normal-
ized in M⊙) with respect to R for the different val-
ues of α in Fig. 6. The solid circles in Fig. 6 denotes
the maximum mass points due to different values of
α. We found as the charge increases both Mmax and
RMmax increases gradually. For α = 0.0015 the values
of Mmax and RMmax increases 4.1% and 0.86%, re-
spectively, than the uncharged case. In the upper and
lower panel in Fig. 7 we have presented variation of
M and R with respect to ρc, respectively. For α =
0.0015 km−2 the maximum mass point is achieved for
ρc = 7.024 ρnuclear, which is 6.07% lower than the value
of ρc as in uncharged case. We have also presented vari-
ation of the total charge Q with respect to ρc due to
different values of α in Fig. 11. The figure reveals that
Table 2: Numerical values of the different physical parameters
for the different strange stars for LMC X − 4 due to different
values of α with B = 83 MeV/fm3 [57]
V
al
u
es
P
re
d
ic
te
d
ρ
c
p
c
Q
E
2
M R
Z
s
of
α
R
ad
iu
s
(k
m
)
(g
m
/
cm
3
)
(d
y
n
e/
cm
2
)
(C
o
u
lo
m
b )
(V
/
cm
)
0
9
.7
1
1
7
.8
1
4
×
1
0
1
4
5
.6
5
2
×
1
0
3
4
0
0
0
.3
9
1
9
0
.2
8
2
4
0
.0
0
0
5
9
.7
0
2
7
.7
4
7
×
1
0
1
4
5
.4
5
1
×
1
0
3
4
0
.5
3
0
×
1
0
2
0
5
.0
6
2
×
1
0
2
1
0
.3
9
2
2
0
.2
8
2
7
0
.0
0
1
0
9
.6
7
8
7
.5
3
3
×
1
0
1
4
4
.8
1
2
×
1
0
3
4
1
.0
5
2
×
1
0
2
0
1
.0
1
0
×
1
0
2
2
0
.3
9
3
2
0
.2
8
3
7
0
.0
0
1
5
9
.6
4
1
7
.1
7
1
×
1
0
1
4
3
.7
2
8
×
1
0
3
4
1
.5
6
0
×
1
0
2
0
1
.5
0
9
×
1
0
2
2
0
.3
9
4
7
0
.2
8
5
3
as the value of α increases the total charge (Qmax) cor-
responding to Mmax is achieved for the lower value of
ρc. The variation of the redshift function with respect to
r/R is shown in Fig. 8. To examine stability of the sys-
tem we have studied Generalized TOV equation which
predicts that for our system sum of the forces Fg, Fa,
Fe and Fh is zero and variation of the forces due to
different values of α is shown in Fig. 9. Further, Fig. 10
features that our system is consistent with the Herrera
cracking concept by satisfying all the inequalities si-
multaneously given as 0 ≤ v2sr ≤ 1, 0 ≤ v2st ≤ 1 and
|v2st − v2sr| ≤ 1.
In Table 1 we have predicted a detailed data sheet
of the different physical parameters for the different
strange star candidates due to α = 0.0010 km−2 and
11
B = 83 MeV /fm3. Further, with the motivation to
discuss the effects of the increasing value of the elec-
tric charge, we have predicted numerical values of the
different physical parameters for the strange star can-
didate LMC X − 4 in Table 2. The high redshift value
(0.2824 − 0.2853) supports that the proposed model
is suitable to study strange star candidates. Both Ta-
bles. 1 and 2 feature that due to different values of α the
predicted values of mass to radius ratio for the different
strange star candidates are well with in the upper limit
of the mass-radius ratio provided by Andréasson [65].
In a summery, in this article we have presented an
anisotropic charged spherically symmetric stellar model
which is suitable to study ultra-dense strange stars.
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Appendix
The expressions of the constants λ1, λ2, ν1, ν2, ν3, ν4, ν5 and ν6
which are used in Eqs. (25) and (26) given as
λ1 = −2R5α2 − 16BpiR3 + 3M, (43)
λ2 = 3R
7α2 + 16BpiR5 − 5MR2, (44)
ν1 =
(
9R10α4 + 96BpiR8α2 + 256B2pi2R6
−30MR5α2 + 8R6α2 − 160BMpiR3 + 64BpiR4
+25M2 − 12MR
)1/2
, (45)
ν2 =
[
9
512R
10α4 + 14BpiR
8α2 +B2pi2R6 − 364MR5α2
− 1132BMpiR3 + 15512M2
]
, (46)
ν3 =
1
16R
5α2 + 23BpiR
3 − M8 , (47)
ν4 = 2R
5α2 + 16BpiR3 − 3M, (48)
ν5 = −3R7α2 − 16BpiR5 + 5MR2, (49)
ν6 =
[
ν3 ln
(
2M − R5α2 −R)+ 116ν4 ln (Q2 +R2
−2MR)+ 23 (BpiR3 − 316M) ln (R) ]. (50)
